Increased knee flexion after total knee arthroplasty (TKA) may contribute to patients' increased satisfaction and more active lifestyles. This study evaluated a TKA component designed for high flexion (more than 125°). The design features an anatomic sagittal femoral radius with short, flared femoral condyles to allow for femoral rollback. Fifty TKA procedures in 47 patients were evaluated prospectively regarding clinical outcomes using Knee Society knee and function scores, Short Form 12 physical component scores, and flexion measured clinically and by digital lateral supine active flexion radiographs. Preoperative and 1-year postoperative radiographs were analyzed by an independent observer.
H istorically, total knee arthroplasty (TKA) for the treatment of the arthritic knee has yielded highly satisfactory clinical outcomes. Long-term improvements in pain relief and ambulatory ability have proven to be predictable. [1] [2] [3] [4] [5] [6] [7] Range of motion (ROM) necessary for the majority of activities of daily living is commonly achieved, and a postoperative ROM between 100° and 120° has provided high patient satisfaction rates. Nonetheless, occupational, recreational, and cultural interests have been shown to necessitate increased deep knee flexion (more than 120°). [8] [9] [10] [11] Closer approximation of normal, native knee ROM is likely to improve patient satisfaction. [12] [13] [14] [15] Factors that influence postoperative ROM include preoperative knee ROM, surgical technique, prosthetic design, and rehabilitation. [16] [17] [18] [19] Recent implant design changes have been aimed at improving postoperative knee flexion, but efficacy and outcome data have been mixed. [20] [21] [22] [23] [24] The cruciate-retaining TKA implant used in the current study was designed to allow for increased flexion of 150° or more. Design features include an anatomic radius about the transepicondylar axis, which approximates that of the natural knee. [25] [26] [27] Short, flared posterior femoral condyles allow for femoral rollback in deep flexion. The femoral component and a matched machined polyethylene insert yield a 20° rotary arc and resultant stability in deep flexion. The femoral component condyles are also contoured to avoid impingement about the posterior cruciate ligament. In addition, an anatomic patellofemoral track allows deeper flexion without the occurrence of instability or impingement. The purpose of this study was to prospectively examine and report the flexion achieved and the function reported at 1 year after TKA.
Materials and Methods
Institutional review board approval and patients' informed consent were obtained prior to data collection. The procedures were performed by 1 of 3 surgeons (A.S.R., R.H.W., S.N.C.) using standard intramedullary instrumentation for both the femur and tibia. All tibial resections were performed with 5° of posterior slope. The surgical approach was parapatellar for 32 (64%) patients and midvastus for 18 (36%) patients. A standard midline incision averaging 13.6 cm (range, 9-16 cm) was used, and a mean tourniquet time of 98.8 minutes (range, 59-134 minutes) was reported (Table 1 ). All femoral, tibial, and patellar components in all knees were cemented with methylmethacrylate bone cement.
Postoperatively, all patients were placed on a TKA rehabilitation protocol that consisted of physical therapy twice daily beginning on postoperative day 1 with both passive and active ROM and weight bearing as tolerated. Mean hospital stay was 3 days (range, 2-5 days). All patients received 30 mg of enoxaparin ev- 
results
Mean age of the 47 patients was 69 years (range, 49-58 years). The underlying diagnosis in 90% of knees was osteoarthritis (Table 1) . One revision occurred due to infection consisting of a polyethylene exchange; this patient was excluded from all analyses of postoperative flexion.
Clinical mean maximum flexion data were available for 47 knees at 1 year follow-up. Mean ROM increased by 9° from pre-to postoperatively ( Table 2) . At 1 year postoperatively, 72% of knees achieved maximum flexion of 120° or more and 43% achieved maximum flexion of 125° or more. Body mass index and preoperative flexion were not predictors of postoperative flexion. Knee Society knee and function scores improved from preoperative to 1-year postoperative (Table 3) . Short Form 12 scores also had an overall improvement of 76%.
Radiographic evaluation of mean maximum flexion measured by lateral supine active flexion radiographs increased by 7°, with 36% of TKAs achieving flexion of 120° or more and 22% achieving flexion of 125° or more (Table 4) 
discussion
The current study prospectively evaluated the flexion obtained 1 year postoperatively using a cruciate-retaining high-flexion TKA design. A previous study of the NRG knee implant (Stryker) demonstrated improved flexion, but only 23% of patients obtained 125° or more of flexion. 29 Although some studies have shown that high-flexion knee designs have improved ROM and outcomes, others have shown no difference. 20, 22, [30] [31] [32] [33] [34] Early outcomes using this cruciateretaining high-flexion TKA design showed an increase in clinical ROM and function scores. Maximum clinical flexion was 120° or more in 72% of knees and 125° or more in 43% of knees at 1-year follow-up. Studies have shown variability in the clinical measurement of knee flexion with a goniometer, which may have also caused differences in the current study's measurements. 35, 36 A standardized digital radiographic technique of lateral supine active flexion radiographs showed statistically less improvement in flexion. Although the clinical results were favorable, the radiographic findings revealed unanticipated less favorable improvements. Potential variability in technique with the lateral supine gravity-assisted radiographic technique may have influenced the data.
Harwin et al 37 studied 4-year outcomes with the same knee design. Seventy-six of their knees were cruciate retaining. They showed an improvement from an average radiographic measured preoperative ROM of 104° to an average radiographic measured postoperative ROM of 126°. 37 This is similar to the preoperative mean flexion of 108° and slightly better than the mean max- imum postoperative flexion of 113° measured radiographically for the current study. Cho et al 38 reported a high incidence rate of femoral component loosening in a high-flexion knee design. The implant used for the current study does not take the additional bone resection from the posterior condyles, commonly seen with the design Cho et al 38 used. The outcomes of knees that obtain high degrees of flexion need to be followed to make sure that adverse events do not occur. No loosening was found in the current study group.
Patient satisfaction related to increased knee flexion after TKA has been evaluated over time. 8, 12, 14 Societal goals of more active lifestyles extending into later decades of life have become apparent. 8, 14, 15 Accordingly, goals to improve postoperative flexion have been established by surgeons and implant manufacturers alike. Although the current sample size was relatively small, the results are encouraging. Further evaluation with a larger sample size and a defined control group is needed to more reliably establish the effect of implant design changes on increased flexion. The current study results revealed evidence of increased early postoperative flexion with the use of a cruciate-retaining high-flexion TKA design.
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